Tacaribe virus (TV) is the prototype of the New World group of arenaviruses. Within this group the viruses form three phylogenetically distinct clades, one of which includes TV together with the four known South American pathogens that produce severe hemorrhagic disease (Junin, Machupo, Guanarito, and Sabia viruses) (5) . TV, however, does not seem to be a human pathogen.
TV, like all arenaviruses, is an enveloped virus containing two single-stranded RNA segments called S and L. The S RNA contains two genes, one encoding the nucleoprotein (N; 64 kDa) and one encoding the glycoprotein precursor (55 kDa) (10) , while the L RNA encodes the RNA-dependent RNA polymerase (L; 240 kDa) (15) and a small protein with a RING finger motif (Z; 11 kDa) (16) . In both S and L RNAs, the genes are arranged in opposite orientation and are separated by noncoding sequences that have the potential to form stable secondary structures (11) . The 5Ј regions of arenavirus genomes and antigenomes, though positively stranded, are not translated directly into proteins. Rather, genomes and antigenomes are found only as nucleocapsids tightly bound to N, and the coding sequences are expressed from mRNAs transcribed from the 3Ј regions of the genomes or antigenomes (1, 11, 17, 19, 26) . These mRNAs contain short stretches of nontemplated nucleotides at their 5Ј ends and appear to be capped, as they reacted with anticap antibodies (19) . By analogy with other negative-strand viruses, L together with N constitutes the viral RNA polymerase when N is associated with RNA in nucleocapsid structures. Using a reconstituted transcription and replication system based on plasmid-supplied TV RNAs and proteins, we recently demonstrated that L and N proteins are sufficient to support full-cycle RNA replication and transcription mediated by minireplicons and by an S-genome analog in which the N open reading frame (ORF) is replaced by the chloramphenicol acetyltransferase (CAT) ORF. Using this system, we also demonstrated that Z is a powerful inhibitor of RNA replication and transcription (21) . Lymphocytic choriomeningitis virus (LCMV) Z protein exhibits a similar inhibitory effect when transcription and replication are analyzed in the homologous (LCMV) minigenome system (6) .
Arenavirus Z proteins contain a conserved 37-amino-acid (aa) RING domain that comprises about 40% of their amino acid residues (9, 16, 27, 29) . The RING domain binds two zinc ions in a cross-brace arrangement and is involved in proteinprotein interactions (2) . It has been shown that LCMV Z interacts with different cellular proteins, such as PML, and translation factors, such as the ribosomal P proteins and translation initiation factor e1F4E (3, 4, 18) .
To determine the mechanism of Z protein inhibition of RNA replication and transcription, we investigated possible interactions between TV Z and the viral N and L proteins. We present evidence that TV Z interacts with L in a dosedependent manner that correlates with Z-mediated inhibition of minigenome expression. We also investigated the contribution of different regions of Z protein to its binding ability and functional activity. In addition, these studies revealed a previously unreported interaction between N and L proteins. amino terminus to the GST ORF. For pgstN construction, the N gene was excised from plasmid p2b2 (10) with SacI and SmaI and the DNA fragment was inserted into pBluescript II KS(ϩ/Ϫ) vector (Stratagene, La Jolla, Calif.) digested with the same enzymes. The resulting plasmid cleaved with EcoRI and SacI gave a DNA fragment containing the entire N ORF that was inserted in frame into the EcoRI and SacI sites of pgst.
Plasmid constructions were verified by DNA sequencing determination of the junctions. DNA fragments obtained by PCR were totally sequenced. All plasmids were purified by Tip-100 (Qiagen Inc., Valencia, Calif.).
DNA transfections. Subconfluent monolayers of CV1 cells were infected with vTF7-3 for 1 h at 37°C. The inoculum was removed, and the cells were washed and transfected using Lipofectamine 2000 reagent according to the manufacturer's (GIBCO-BRL) specifications. Unless otherwise indicated, the amount of pGenCAT, pN, and pL added to approximately 4 ϫ 10 5 cells grown in a 12-well dish was, respectively, 2 g, 2 g, and 50 ng per well, as these amounts are optimal for RNA replication and transcription (21) . The amounts of other plasmids added are indicated in each figure. In all cases, the total amount of transfected DNA was kept constant by the addition of an appropriate amount of pGEM-3 (Promega) DNA.
Protein analysis. Cells grown in 12-well dishes were radiolabeled for 1 h at 5 h posttransfection (hpt) by the addition of [
35 S]methionine-cysteine mix (150 Ci/ ml; NEG 772; New England Nuclear) in cysteine-and methionine-free medium (GIBCO). After the labeling period, cell monolayers were lysed by the addition of 200 l of TNEN (50 mM Tris-HCl [pH 7.4], 150 mM NaCl, 1 mM EDTA, 0.2% Nonidet P-40) containing protease inhibitors (2 g of aprotinin per ml, 20 g of phenylmethylsulfonyl fluoride per ml, and 50 g of N-␣-p-tosyl-L-lysine chloro-methyl ketone [Sigma-Aldrich, St. Louis, Mo.]). Cell lysates were clarified at 13,000 ϫ g for 5 min at 4°C, and aliquots were used for immunoprecipitation or bead binding. For immunoprecipitation, samples of the labeled cell lysates, corresponding to about 1 ϫ 10 5 to 2 ϫ 10 5 cells, were incubated with the indicated serum for 1 h at 4°C. The antigen-antibody complex was incubated for 1 h at 4°C with protein A-Sepharose CL-4B beads (Sigma) and precipitated by centrifugation at 7,000 ϫ g. Beads were washed three times. All immunoprecipitation steps were performed in TNEN buffer. For bead binding, glutathioneSepharose 4B beads (15 l per reaction) were prepared as indicated by the manufacturer (Amersham Pharmacia Biotech) and resuspended in TNEN buffer. Aliquots of the labeled cell lysates (about 1 ϫ 10 5 to 2 ϫ 10 5 cells) were incubated with beads for 1 h at 4°C. Beads were pelleted by centrifugation at 7,000 ϫ g and washed three times with TNEN buffer. Labeled proteins bound to protein A-Sepharose CL-4B beads or glutathione-Sepharose 4B beads were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) together with 14 C-labeled markers and autoradiography as indicated previously (22) . When indicated, quantitation of the bands was performed on a PhosphorImager (Molecular Dynamics). Monospecific sera against the recombinant TV proteins L, N, and Z were raised in rabbits as indicated before (25) . Serum against GST was obtained from Amersham Pharmacia Biotech.
CAT assay. CAT activity was assayed in extracts from vTF7-3-infected-transfected CV1 cells as described previously (21) . CAT activity was calculated by determining the percentage of radioactivity associated with monoacetylated chloramphenicol species relative to total radioactivity. Quantitation was performed on a PhosphorImager.
RESULTS

TV Z protein interacts with L protein.
Using a reconstituted system based on plasmid-supplied TV RNAs and TV proteins, we previously demonstrated that Z inhibited full-cycle RNA replication and transcription, as analyzed by CAT expression (21) . To assess whether Z interacted with L and/or N TV protein, which are required for viral RNA synthesis (21), we used coimmunoprecipitation with monospecific antibodies to viral proteins in cytoplasmic extracts from cells transfected with plasmids expressing the minigenome, N and L, with or without the addition of increasing amounts of the plasmid expressing Z (Fig. 1) . The amounts of Z plasmid used were those previously found to produce potent inhibition of replication and transcription (21) . At 5 hpt, the transfected cells were labeled for 1 h and lysed, the cell lysate was divided into three aliquots, and each aliquot was immunoprecipitated with monospecific serum against either Z, L, or N. To relate eventual complex formation with Z functional activity, cell extracts prepared from dishes transfected in parallel were used to assay CAT activity. As seen in Fig. 1 , SDS-PAGE analysis of the extracts immunoprecipitated with serum against Z (panel ␣Z) revealed that L coimmunoprecipitated with Z and that the level of L increased in parallel with that of expressed Z. L was undetectable when the Z plasmid was not included in the transfection (compare lane 1 with lanes 2 to 4). Moreover, the dose-response curve of Z-mediated inhibition of CAT activity correlated with the increasing level of L coimmunoprecipitating with Z. It should be noted that in this experiment Z was resolved into two bands, which were occasionally observed with both plasmid-expressed and TV-expressed Z protein (R. Já-camo, unpublished observations). Immunoprecipitation with serum against L or N confirmed previous findings (21) indicating that cotransfection with pZ at amounts producing potent inhibition of transcription and replication do not affect L and N protein synthesis (lanes 1 to 4). The amount of L expressed alone was higher than that when coexpressed with N (panel ␣L, compare lanes 1 to 4 with lane 6). Nevertheless, the amounts of transfected L and N plasmids were those previously found to be optimal for TV-like RNA transcription and replication (21) .
We were unable to analyze Z coimmunoprecipitation by using L antibodies or to detect Z-N complexes by using serum against either Z or N, as the results were jeopardized by nonspecifically immunoprecipitated proteins (data not shown). To overcome these problems and the possibility that antibodies against the viral proteins might interfere with their sites of interaction, we used cell extracts expressing a GST-tagged Z protein (gstZ) and analyzed complex formation by cobinding of candidate proteins to glutathione-Sepharose beads or coimmunoprecipitation with GST antiserum.
We then compared the ability of Z and gstZ to interact with L in the absence of N and minigenome expression (Fig. 2) . Cells were transfected with a fixed amount of the plasmid expressing L, with or without the addition of increasing amounts of either pZ or pgstZ. Cells were labeled, cell extracts were divided into two aliquots, each aliquot was immunoprecipitated with serum against L and either Z (left panel) or GST (right panel), and the immunoprecipitated proteins were analyzed as described above. Immunoprecipitation with serum against Z showed that the level of coimmunoprecipitating L increased in parallel with that of the expressed Z, indicating that the interaction between Z and L does not require the expression of other viral components (left panel). Similarly, immunoprecipitation with serum against GST showed that when gstZ and L were coexpressed, increasing amounts of L coimmunoprecipitated along with the increasing level of gstZ (right panel). In contrast, when L was coexpressed with a plasmid expressing GST, L did not coimmunoprecipitate, indicating that the interaction with L is mediated through the Z portion of the fusion protein (lane 6). Conversely, gstZ, but not GST, coimmunoprecipitated with L antiserum when either of these proteins was coexpressed with L (right panel ␣L, compare lanes 2 to 5 with lane 6). It can also be seen that although L expression was not affected in the range of pgstZ used (right panel), a slight decrease of L synthesis was observed with the inclusion of 260 ng of pZ (left panel). This last amount of pZ, however, is well beyond the range used to produce potent inhibitory activity ( Fig. 1) (21) . Using serum against L, we were unable to detect Z coimmunoprecipitation, as nonspecifically immunoprecipitated proteins migrated together with Z in the SDS-PAGE gels (not shown).
Since the gstZ protein could be used to demonstrate the binding of L to Z, we used the fusion protein to assess whether Z interacted with N. To this end, we transfected cells with the minigenome-expressing plasmid together with the combination of plasmids indicated in Fig. 3 . Cells were labeled and processed as described above, and aliquots of the cell lysates were incubated with glutathione-Sepharose beads and immunoprecipitated with serum against either GST, L, or N. Gel analysis showed that proteins from all the transfected plasmids were synthesized (lower three panels). When the extracts were in- . Thus, the effect of cotransfection with a high amount of pN appears to be nonspecific (see below).
To determine whether gstZ-L interaction required coexpression of the proteins, a mixing experiment was performed. Coexpression of gstZ with L and N gave significant amounts of both L and N coimmunoprecipitating with gstZ but not with GST (Fig. 4, lanes 1 and 2) . In contrast, when separate cell extracts containing L plus N and gstZ were incubated together and then immunoprecipitated with GST antibodies, a reduced amount of L and N coimmunoprecipitated with gstZ (lane 3). Quantitation of the coimmunoprecipitated L and N bands indicated that the amounts of L and N in the mixed lysates were 19 and 22% of those in the cotransfected cell lysate, respectively.
In summary, by using coimmunoprecipitation with Z antiserum as well as cobinding to glutathione-Sepharose beads and coimmunoprecipitation with serum against GST and GSTtagged Z, we demonstrated that Z formed complexes with L. The results also indicated that the nucleocapsid protein N did not form complexes with gstZ. Conversely, when the GSTtagged N protein (gstN; see below) and Z were coexpressed, we could not detect Z binding to beads or Z coimmunoprecipitating with gstN (not shown). However, when gstZ, L, and N were coexpressed, both L and N cobound to beads and coimmunoprecipitated with GST antibodies.
Nucleocapsid protein N and polymerase protein L interact with each other. The observation that L formed complexes with gstZ, whereas N did not unless L was coexpressed, suggested to us that N and L interact with each other. Since, to our knowledge, there are no reports describing interactions between L and N in viruses of the Arenaviridae family, we investigated whether this interaction readily occurs. To that end, cells were transfected with plasmids expressing L and N as indicated in Fig. 5A , and cell extracts were processed as described earlier and analyzed using L or N antiserum. Immunoprecipitation with anti-L antibodies revealed that N coim- 2 g of pN) and L plasmids previously found to be optimal for minigenome transcription and replication (21) (lanes 5 and 6). With anti-N antibody, we were unable to detect coimmunoprecipitated L when N and L were expressed together. Since monospecific serum against N was raised against the whole N protein (25) , it is possible that antibodies to N might interfere with the sites of N-L interactions. To overcome this problem, we constructed a 1 and 2) . Cells expressing L plus N and gstZ alone were lysed with 100 l of TNEN, and the cell extracts were mixed and incubated for 30 min at 30°C (lane 3). Cell extracts were divided into three parts, and each part was immunoprecipitated with serum against either GST, L, or N. Proteins were resolved by SDS-PAGE on 12% polyacrylamide gels. Molecular masses of 14 C-labeled markers are indicated on the right. The positions of the L, N, GST, and gstZ proteins are indicated on the left. Films were exposed for 3 days (␣gst) or for 5 h (␣L and ␣N). TV Z requires an intact first Zn binding site in its RING domain for both its interaction with L and its inhibitory activity. It has been shown that an intact first zinc-binding site in the Z RING motif is required for efficient interaction between LCMV Z protein and the eukaryotic translation initiation factor e1F4E, as mutation of its first two ligands (Cys1 and Cys2 of the RING motif; Fig. 6 ) reduced the association of Z with its partner (18) . Therefore, we sought to determine whether mutation of Cys1 and Cys2 of the TV Z RING motif alters its ability to interact with L. To that end, Cys residues at positions 40 and/or 43 of TV Z were replaced with Gly. The mutants were named Z(C40,43G), Z(C40G), and Z(C43G) (Fig. 6 ). Since both gstZ and Z interact equally with L, the mutant forms of Z were tagged with GST at the N terminus. In addition, the use of serum against the tag for analysis of the GSTtagged proteins was chosen to overcome the possible differential reactivity of the mutant proteins to Z antibodies. The tagged Z mutants were then analyzed for the ability to interact with L and to inhibit transcription under the experimental conditions of the minigenome expression system. vTF7-3-infected cells were transfected with the minigenome-expressing plasmid, together with combinations of the indicated plasmids (Fig. 7) , and the 35 S-labeled cytoplasmic cell lysates were immunoprecipitated with serum against either GST, L, or N to analyze protein-protein interaction and to determine the level of protein expression (Fig. 7A) . To relate complex formation with functional activity, nonlabeled cell extracts from cells transfected in parallel were used to assay CAT activity (Fig.  7B) .
Immunoprecipitation with serum against GST (panel A) showed that the GST-tagged proteins were all expressed to similar levels and confirmed the results shown above indicating that both L and N coimmunoprecipitated with gstZ but not with GST (compare lanes 6 and 7 with lanes 4 and 5 and lane 15 with lanes 11 and 12). Mutations at either or both Cys residues at positions 40 and 43 abolished the ability of Z to interact with L (compare lanes 8 and 9 with lanes 4 and 5 and lanes 13 and 14 with lanes 11 and 12; the results shown in lanes 4 to 9 and 10 to 15 correspond to two independent experiments; the coimmunoprecipitated L band from the two experiments was quantitated and the combined results were plotted in panel C, upper panel). The expression levels of L and N were not affected by cotransfection with 70 and 140 ng of plasmids expressing the GST-tagged proteins (Fig. 7A , panels ␣L and ␣N).
As shown in panel B, CAT activity was undetectable in cells Fig. 7C, lower panel) . When cells were cotransfected with the plasmid expressing GST, no inhibition of CAT activity was detected even at the highest amount of plasmid used (compare lanes 6 and 7 with lanes 4 and 5 and lane 15 with lanes 11 and 12; see Fig. 7C, lower panel) . These results indicated that the GST portion of the fusion protein has no effect on transcription and does not interfere with Z functional activity, as the dose-response curve of gstZ-mediated inhibition was similar to that with coexpression with Z (compare with data in Fig. 1 and with previously published results [21] ).
We then used the tagged form of Z protein to analyze the effect of mutations in the RING motif on Z inhibitory activity. The results showed that mutations at either Cys 40, Cys 43, or both abolished Z-mediated inhibition of CAT expression (Fig.  7B , compare lanes 8 and 9 with lanes 4 and 5 and lanes 13 and 14 with lanes 11 and 12; Fig. 7C, lower panel) . Thus, TV Z requires an intact first zinc-binding site in its RING domain for Z-L protein interaction and Z functional activity.
Regions of Z protein required for binding L protein and inhibitory activity. Analysis of the TV Z amino acid sequence (16) reveals three defined regions (schematically represented in Fig. 6 ): a hydrophilic N-terminal region comprising aa 1 to 39, followed by the 37-aa RING domain and a 19-aa C-terminal region. Comparison of the deduced protein sequence of all arenavirus Z genes sequenced thus far reveals a similar organization, with a conserved ring domain (51% homology) and less conserved N-and C-terminal regions (22 and 31% homology, respectively) (9, 16, 27, 29) . To assess whether the Z protein N-and C-terminal regions contribute to L binding and inhibition, we prepared Z mutants containing deletions at the C terminus, the N terminus, both the N and C termini, and the RING-plus-C-terminal regions. The mutants were designated, respectively, Z(1-77), Z(36-95), Z(36-77), and Z(1-35) (Fig. 6) . The Z deletion mutants were then fused to GST at the N terminus, and the resulting proteins were tested for the ability both to bind to L and to inhibit CAT activity (Fig. 8) . vTF7-3-infected cells were transfected with plasmids expressing the minigenome, L and N, with or without the addition of the indicated amounts of plasmids expressing the GST-tagged form of either Z or the Z-deletion mutants. After incubation, cells were labeled and lysed, and the cell lysates were used to analyze protein-protein interaction and the level of protein expression (panel A). Nonlabeled cell extracts from dishes that were infected and transfected in parallel were used to assay CAT activity (panel B).
Immunoprecipitation with either GST, L, or N antibody (panel A) showed that the use of the same amount of each plasmid expressing the GST-tagged proteins resulted in similar levels of expression of each of the proteins and that L and N were expressed to similar levels in all cases. It was also found that both L and N coimmunoprecipitated with gstZ but not with GST or with the fusion protein containing the first 35 N-terminal Z aa [gstZ(1-35)] (panel ␣gst). The binding results are consistent with the inhibitory effect on CAT activity exhibited by gstZ but not by the mutant gstZ(1-35) or GST (panels A and B, compare lanes 10 and 11 with lanes 1, 2, and 3; panel C). Deletion of the C-terminal region [gstZ(1-77)] or both the C-terminal region and the first 35 N-terminal aa [gstZ(36-77)] resulted in a reduced ability to interact with L compared with wild-type Z (Fig. 8A, panel ␣gst, compare lanes 4, 5, 8, and 9  with lanes 2 and 3) . Considering the amount of L coimmunoprecipitating with gstZ in cells cotransfected with 140 ng of the plasmid to be 100%, inclusion of the same amount of either mutant gave values which, in different experiments, varied from 12 to 21% for gstZ and from 21 to 22% for gstZ(36-77) (the average of independent experiments is represented in Fig. 8C, upper panel) . Neither gstZ(1-77) nor gstZ(36-77) exhibited a detectable inhibition of CAT activity, although the expression levels of the mutants were similar to those at which gstZ gave potent inhibition of CAT expression (panel B, com- 2, and 3) . Quantitation of the results indicated that the addition of 70 and 140 ng of pgstZ reduced CAT activity to 7 and 2% of that without gstZ plasmid, respectively, whereas inclusion of the same amounts of pgstZ(36-95) gave 13 and 3% activity, respectively (Fig. 8C, lower panel) . In summary, deletion of the first 35 N-terminal aa [Z(36-95)] has no effect on the ability of Z to interact with L or on its inhibitory activity. Deletion of the C-terminal region [Z(1-77)] or both the C-terminal region and the first 35 aa at the Nterminal region [Z(36-77)] gave mutants with a reduced ability to bind to L that were devoid of inhibitory activity.
DISCUSSION
We have previously reported the establishment of a transcription and replication system based on plasmid-supplied TV-like RNAs and TV proteins. Using this system, we demonstrated that coexpression of L and N proteins is sufficient to support full-cycle RNA replication and transcription and that Z is an inhibitor of these processes (21) . For the present report we investigated whether Z might interact with one or both of the proteins (L and N) that are required for RNA synthesis. For these studies we used the reconstituted system, as its context should reflect true protein-protein interactions occurring during replication and transcription. In addition, the use of this system allowed us to relate Z binding ability with Z functional activity which, for this study, was evaluated as the inhibitory effect on CAT expression. Since in our reconstituted system RNA replication involves extensive amplification of the plasmid-supplied template by the TV polymerase, Z-mediated inhibition of CAT activity most probably reflects reduced template availability for transcription due to reduced RNA replication (21) . By means of coimmunoprecipitation with Z antibodies we showed that L was bound to Z and that the binding was related to CAT activity inhibition (Fig. 1) . With a GST-tagged Z protein, which retains inhibitory function, and cobinding to glutathione-Sepharose beads or coimmunopre- cipitation with GST antibodies, Z was shown to specifically bind L and not N ( Fig. 2 and 3) . Further, the gstZ inhibitory effect was related to its binding ability ( Fig. 7 and 8 ). These data provide the first evidence of an interaction between Z and L, suggesting that Z interferes with replication and transcription by direct action on the L polymerase protein.
The interaction between Z or gstZ and L does not require coexpression of other viral components (Fig. 2) ; however, maximal interaction requires coexpression of the proteins (Fig. 4) . If Z inhibitory activity on transcription and replication is related to its interaction with the L protein, then this last result might explain the discrepancy between the observed inhibitory effect of Z in the reconstituted system, in which Z and L were coexpressed (21) , and the reported lack of inhibition of viral RNA synthesis when Z is added to TV-infected cell extracts (13) .
To identify TV Z domains involved in Z interaction with the L protein (Fig. 6) , we mutated zinc-coordinating Cys residues in the first zinc-binding site of the Z RING domain and prepared Z mutants with N-and C-terminal deletions. Since LCMV Z protein was described as a potential translational inhibitor (18), we exerted care to control that coexpression with gstZ and its mutants did not affect the level of expression of the proteins (L and N) required for RNA synthesis. In neither case did the fusion proteins exhibit an inhibitory effect on L and N synthesis. The results demonstrated ( Fig. 7 and 8 ) that integrity of the RING structure is essential for Z binding to L and for Z inhibitory activity, as mutations of Cys1 and/or Cys2 in the RING motif abolished both Z-mediated functions [mutants Z(C40,43G), Z(C40G), and Z(C43G)]. Mutant Z(36-95) behaved like wild-type Z in its binding ability and inhibitory activity, indicating that the first 35 N-terminal aa are not required for these functions. Mutants with an intact RING domain that were devoid of the C-terminal region [Z(1-77)] or both the C-terminal region and the first 35 aa of the N-terminal region [Z(36-77)] retained, albeit at a reduced level, the ability to bind to L but exhibited no inhibitory activity. Thus, amino acids within the C-terminal region and possibly within 4 aa adjacent to the RING domain N terminus contribute to efficient Z-L interaction and are required for Z inhibitory function. Further mutational analysis will be required to define the regions and individual amino acids associated with the Z-L interaction and with Z functional activity. A recent report on LCMV Z regions required for inhibitory activity demonstrated that the RING domain is necessary but not sufficient for Zmediated inhibition of CAT activity and that amino acid resi- dues surrounding the RING domain at its N and C termini may contribute to the inhibitory effect (7) . Although the data presented here suggest that Z inhibits RNA synthesis through its interaction with L, the poor understanding of basic aspects of arenavirus gene expression renders it difficult to speculate on molecular mechanisms underlying this effect. It appears that Z is not acting through an increased degradation of the L protein, since in a pulse-chase experiment in which L was either expressed alone or coexpressed with gstZ, 61 and 64% of the L remained, respectively, after a 16-h chase period. The gstZ-L complex showed a similar decay (R. Jácamo, unpublished observations). Considering that the interaction between Z and L is more effective if both proteins are expressed in the same cell and that the effect of Z was evaluated on multiple rounds of RNA replication (21), we suggest that Z may affect the proper folding of the L protein and therefore alter its ability to initiate RNA replication.
The results just described indicate that gstZ, at an expression level producing a potent inhibition of CAT activity, interacts with L but not with N. However, when gstZ, N, and L were coexpressed, both L and N cobound to beads and coimmunoprecipitated with GST antibodies (Fig. 3) . Further, when Z mutants were analyzed for the ability to bind to L, there was a correlation with the levels of coimmunoprecipitating L and N ( Fig. 7 and 8) . These results suggested that the cobinding of N occurred through its interaction with L and led to evidence, for the first time, that L and N interact with each other (Fig. 5) . We would like to point out that the observation that the binding of N to L does not interfere with the Z-L complex suggests that the Z and N binding sites on L are independent of each other.
Arenavirus nucleocapsid protein N is critical for RNA replication (10, 24, 28) . The replication process should involve cap-independent initiation and elongation of the RNA chain that becomes encapsidated by N. We suggest that the observed binding between N and L facilitates cap-independent initiation and keeps N in a suitable form for specific encapsidation of the nascent RNA chain. It is worth noting that whereas the P protein plays a key role during RNA encapsidation by complexing with the N protein in rhabdoviruses and paramyxoviruses (8, 14) , there is no counterpart of P in arenaviruses, where the viral proteins N and L are sufficient to accomplish RNA replication and transcription (20, 21) .
The results in this study demonstrate, for the first time, interactions between the viral proteins implicated in arenavirus transcription and replication. Understanding these interactions and identifying the protein domains involved will contribute to elucidating the mechanism of arenavirus genome expression and may provide potential targets for antiviral strategies for these highly pathogenic hemorrhagic fever viruses.
